Heat shock proteins 70 and 90 increase calcineurin activity in vitro through calmodulin-dependent and independent mechanisms.
We have shown that heat shock proteins (HSPs) associated with steroid receptor complexes are involved in the activation of calcineurin by aldosterone and dexamethasone. To determine whether HSPs directly interact with calcineurin, we measured the effect of HSPs 90, 70 and 56 on calcineurin activity in a cell-free, in vitro system using a calcineurin-specific substrate. HSP-90 (75 or 100 nM) significantly increased calcineurin V(max) in the presence of calmodulin, while maximal stimulation by HSP-70 occurred at 50 nM. Bovine serum albumin (BSA) and actin did not change basal calcineurin activity indicating that HSP-90 and HSP-70 specifically activate calcineurin. Neither HSP-70, HSP-56, nor ATP augmented HSP-90-induced activation of calcineurin. In the absence of calmodulin, HSP-90 restored calcineurin activity to basal levels while higher concentrations (333 and 500 nM) increased calcineurin activity. In contrast, HSP-70 failed to activate calcineurin activity in the absence of calmodulin. Immunoprecipitation of HSP-90 from in vitro mixtures as well as protein extracts from LLCPK-1 cells demonstrates that calcineurin co-precipitates with HSP-90. In summary: (1) HSP-90 and 70 stimulate calcineurin V(max) in vitro; (2) non-specific protein interactions do not activate calcineurin activity; (3) HSP-70 and HSP-56 do not enhance HSP-90-induced activation of calcineurin; (4) HSP-70 and HSP-90 activate calcineurin via a calmodulin-dependent and independent pathways; (5) Calcineurin co-precipitates with HSP-90 from LLCPK-1 cells as well as cell-free in vitro preparations.